Introduction {#Sec1}
============

Quantum computers exploit the fundamentals of quantum mechanics to solve computational problems more efficiently than traditional computers^[@CR1]--[@CR20]^. Quantum computers can solve computational problems by exploiting the phenomena of quantum superposition and quantum entanglement^[@CR5],[@CR7]--[@CR9],[@CR18]--[@CR57]^. In a quantum computer, computations are performed on quantum states that carry the information. Gate-model^[@CR5],[@CR13]--[@CR18],[@CR21],[@CR25],[@CR43]^ quantum computations provide a flexible framework for the realization of quantum computations in the practice. In a gate-model quantum computer, computations are realized by quantum gates (unitary operators); and the quantum-gate architecture integrates a different number of levels and application rounds^[@CR5]^ to realize gate-model quantum computations^[@CR5],[@CR18],[@CR21],[@CR25],[@CR36]--[@CR39],[@CR43],[@CR58]--[@CR61]^. The output quantum state of the quantum computer is practically measured by a physical measurement apparatus^[@CR62]--[@CR68]^ that produces a classical string. In gate-model quantum computers, the quantum states are represented by qubits, the unitaries are realized by qubit gates, and the measurement apparatus is designed for the measurement of qubit systems^[@CR13]--[@CR17],[@CR19],[@CR69]--[@CR74]^. Another fundamental application scenario of gate-model quantum computations is the small and medium-scale near-term quantum devices of the quantum Internet^[@CR69]--[@CR128]^.

An important application scenario of gate-model quantum computers is the maximization of the objective function of computational problems^[@CR5],[@CR18],[@CR21],[@CR25],[@CR43]^. The quantum computer produces a quantum state that yields a high value of the objective function (The objective function subject of a maximization refers to an objective function of an arbitrary computational problem fed into the quantum computer. Objective function examples can be found in^[@CR9],[@CR24]^.). The output state of the quantum computer is measured in a computational basis, and from the measurement result, a classical objective function is evaluated. To get a high-precision estimate of the objective function of the quantum computer, the measurements have to be repeated several times in the physical layer. In each measurement round, a given number of measurement units are applied to measure the output state of the quantum computer. This state represents an objective function value via the quantum-gate attributes in the gate structure of the quantum computer. The objective function values obtained in the measurement rounds are averaged to estimate the objective function of the quantum computer. Since each round requires the preparation of a new quantum state and the application of a high number of measurement units, a high-precision approximation of the objective function value of the quantum computer is a costly procedure. The high-resource assumptions include not just the preparation of the initial and final states of the quantum computer, the application of the unitaries in several rounds, but also the physical apparatus required to measure the output state of the quantum computer. The procedure of the objective function estimation in gate-model quantum computers is therefore a subject of optimization.

Here, we propose a method for the optimized objective function estimation of the quantum computer and for the optimized preparation of the new quantum state of the quantum computer (The terminology "quantum state of the quantum computer" refers to the actual gate parameter values of the unitaries of the quantum computer^[@CR5]^. Preparation of the target quantum state of the quantum computer refers to the determination of the target gate parameters of the unitaries of the quantum computer.). The framework integrates an objective function extension procedure, a quantum-gate structure segmentation stage, and a machine-learning^[@CR11],[@CR12],[@CR19],[@CR50],[@CR129]--[@CR135]^ unit called quantum-gate parameter randomization machine learning (QGPR-ML), which outputs the prediction of the new quantum computer state. The aim of the objective function extension is to increase the precision the objective function estimation procedure. An imaginary measurement round refers to a logical measurement round yielded by the post-processing. An imaginary measurement round requires no physical-layer measurement round, since it is resulted by logical-layer procedures and methods in the post-processing stage. The imaginary measurement round also characterizes the performance of the framework. At a particular number of imaginary rounds, the post-processed objective function becomes equal to an objective function yielded from the same number of "real" (e.g., physically implemented) measurement rounds. An initial objective function is calculated from an arbitrary low number of physical measurement rounds, which is then fed into the objective function extension algorithm of the framework. The extended objective function is then fed into a segmentation procedure that decomposes the quantum-gate structure of the quantum computer with respect to the properties of the quantum gates in the quantum circuit. The gate-based segmentation is rooted in the fact that the gate structure unitaries of the quantum computer determine the objective function and therefore the particular output state of the quantum computer. The results are then forwarded into the QGPR-ML block, which achieves a randomization and rule-learning stage. The aim of the randomization is to construct an optimal set for the learning set and test set selections in rule learning. The rule-learning method outputs a set of optimal rules learned from the input. Finally, a prediction stage is applied to the results to determine a new state of the quantum computer for the next iterations.

The novel contributions of our manuscript are as follows: We define a method for objective function estimation for arbitrary computational problems in gate-model quantum computers.The method reduces the costs of quantum state preparations, quantum computational steps and measurements. The proposed algorithms utilize the measurement results and increase the precision of objective function estimation and maximization via computational steps.The results are convenient for solving optimization problems in experimental gate-model quantum computers and for the near-term quantum devices of the quantum Internet.This paper is organized as follows. In \"[Related works](#Sec2){ref-type="sec"}" section, the related works are discussed. In "[System model and problem statement](#Sec3){ref-type="sec"}" section, the machine-learning-based objective function optimization framework is proposed. In "[Objective function extension and gate structure decomposition](#Sec8){ref-type="sec"}" section, the procedures of the framework are discussed. In Section [5](#Sec13){ref-type="sec"}, we study the learning model and the quantum computer state prediction method. A performance evaluation is given in "[Performance evaluation](#Sec17){ref-type="sec"}" section. Finally, "[Conclusion](#Sec21){ref-type="sec"}" section concludes the results. Supplemental material is included in the [Appendix](#MOESM1){ref-type="media"}.

Related works {#Sec2}
=============

The related works are summarized as follows.

On the utilized gate-model quantum computer environment, see^[@CR5],[@CR18]^, and^[@CR36],[@CR38]^.

In^[@CR5]^, the authors studied the problem of objective function estimation of computational problems fed into the quantum computer. The authors focused on a qubit system with a fixed hardware structure in the physical layer. The input quantum system of the quantum circuit is transformed via a sequence of unitaries, and the qubits of the output quantum system are measured by a measurement array. The result of the measurement produces a classical bitstring that is processed further to estimate the objective function of the quantum computer.

Examples of objective functions for quantum computers can be found in^[@CR9]^.

A quantum circuit design method for gate-model quantum computers has been defined in^[@CR36]^. In^[@CR37]^, a method has been defined for the stabilization of the optimal quantum state of the quantum computer.

A method for the evaluation of objective function connectivity in gate-model quantum computers has been proposed in^[@CR33]^. An unsupervised machine learning method for quantum gate control in gate-model quantum computers has been defined in^[@CR34]^. In^[@CR35]^, a framework has been defined for the circuit depth reduction of gate-model quantum computers.

The technique of dense quantum measurement has been defined in^[@CR38]^. As it has been proven, the method significantly can reduce the number of physical measurement rounds in a gate-model quantum computer environment. In^[@CR39]^, a training optimization method has been defined for gate-model quantum neural networks.

For some related works on quantum machine learning, see^[@CR12],[@CR13],[@CR43],[@CR46],[@CR136]--[@CR143]^. For a detailed summary on these references, we suggest also^[@CR39]^.

Optimization algorithms are also proved to be useful in various applications. In^[@CR144]^, the authors proposed a neural network ensemble procedure. The aim of the optimization process is to improve the quality of the neural-network based prediction intervals. The prediction intervals are used to quantify uncertainties and disturbances in neural network-based forecasting. The optimization model utilizes the fundaments of simulated annealing and genetic algorithms.

An overview on experimental optimization approaches was proposed in^[@CR145]^. In this work, the authors provide an overview on recent developments of fault diagnosis and nature-inspired optimal control of industrial process applications. The fields of fault detection and optimal control have proven various successful theoretical results and industrial applications. This work also contains a review on the recent results in machine learning, data mining, and soft computing techniques connected to the particular research fields.

In^[@CR146]^, the authors studied the problem of training echo state networks (ESN) that are a special form of recurrent neural networks (RNNs). As an important attribute, the ESN structures can be used for a black box modeling of nonlinear dynamical systems. The authors defined a training method that uses a harmony search algorithm, and analyzed the performance of their approach.

In^[@CR147]^, the authors defined a model-free sliding mode and fuzzy controllers for a particular problem and subject, called reverse osmosis desalination plants. The paper defines an optimization problem in terms of process controlling and fuzzy method. The authors also studied the performance of their solution.

On genetic algorithms for digital quantum simulations, see^[@CR148]^. In^[@CR149]^, a method for the learning of an unknown transformation via a genetic approach was defined. In^[@CR150]^, the authors proposed an overview of existing approaches on quantum computation.

System model and problem statement {#Sec3}
==================================

System model {#Sec4}
------------
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Since each step of Problem 1 is a high-cost procedure, at a given *R*, the cost of the determination of the estimate $\documentclass[12pt]{minimal}
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### Optimization problems and problem resolutions {#Sec6}
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Objective function optimization framework {#Sec7}
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Objective function extension and gate structure decomposition {#Sec8}
=============================================================
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Objective function extension {#Sec9}
----------------------------

### Theorem 1 {#FPar3}
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The discrete wavelet transform is a useful tool in image processing for noise reduction and to enhance the resolution of low-resolution images to obtain high-resolution images^[@CR129],[@CR130]^. Motivated by these features, we show that we can utilize the wavelet transform for the extension of the objective function of the quantum computer. However, in our application framework, both the environment and the aims of the procedure are completely different.
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### Lemma 1 {#FPar5}
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Quantum-gate structure decomposition {#Sec11}
------------------------------------

### Theorem 2 {#FPar7}
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### Error of gate-parameter decomposition {#Sec12}
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Gate parameter randomization machine learning {#Sec13}
=============================================

The QGPL-ML block splits further the results of $\documentclass[12pt]{minimal}
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Randomization and probability distribution {#Sec14}
------------------------------------------

The benefits of the proposed randomization in $\documentclass[12pt]{minimal}
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The problem of class imbalance means that the ratio of classes of the constructed learning set and test set do not represent the ratio of classes of the input data. This problem could occur at a non-optimal random partitioning of the input data, and could bring up in both the training and the test set, respectively^[@CR133],[@CR134],[@CR151],[@CR152]^.

The problem of sample representativeness is an integrity problem, and it refers to the problem if the training and test instances have no any connection, which could lead to inconsistency in the learning process^[@CR151],[@CR152]^.
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State of the quantum computer {#Sec16}
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### Theorem 3 {#FPar9}

*The state* $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\left| {{\theta }^{*}} \right\rangle } $$\end{document}$*of the quantum computer can be made by the output* $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {P}}}}\left( \theta \right) $$\end{document}$*of the QGPL-ML procedure*.

### Proof {#FPar10}

The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\theta ^{*} $$\end{document}$ new gate parameter vector is determined via a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {P}}}}$$\end{document}$ predictive analytics. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {P}}}}$$\end{document}$ unit utilizes the outputs generated by the units $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{\mathscr {A}}}_{E} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {A}}}}_{D} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {A}}}}_{f}^{L} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {R}}}}$$\end{document}$ of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {F}}}}$$\end{document}$. The input of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {A}}}}_{f}^{L} $$\end{document}$ is provided by $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {A}}}}_{D} $$\end{document}$ (Algorithm 2), such that the input of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {A}}}}_{D} $$\end{document}$ is the extended set of gate parameters determined by the extension algorithm $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {A}}}}_{E} $$\end{document}$ (Algorithm 1). The prediction of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\theta ^{*} $$\end{document}$ can be made at an initial $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\theta $$\end{document}$ as$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \theta ^{*} =\theta +\rho , \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\rho $$\end{document}$ is the gate parameter modification vector$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\rho = {\left( {{\alpha _1}, \ldots ,{\alpha _{{N_{tot}}}}} \right)^T},$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\alpha _{i} $$\end{document}$ calibrates the gate parameter $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\theta _{i} $$\end{document}$ of the *i*th unitary, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$i=1,\ldots ,N_{tot} $$\end{document}$. The actual value of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\alpha _{i} $$\end{document}$ depends on the error $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon _{\vec {\phi }^{*} } $$\end{document}$ ([57](#Equ41){ref-type=""}) associated with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {A}}}}_{D} $$\end{document}$.

The precision of the prediction is also controlled by a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau $$\end{document}$ parameter, which quantifies the minimum of number of classes ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$n_{t} $$\end{document}$) selected for the classification of the quantum-gate parameters in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${{{\mathscr {A}}}}_{f}^{L} $$\end{document}$ procedure.

As the new gate parameter vector$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \theta ^{*} =\left( \left( \theta _{1} +\alpha _{1} \right) ,\ldots ,\left( \theta _{N_{tot} } +\alpha _{N_{tot} } \right) \right) ^{T} \end{aligned}$$\end{document}$$is determined, the quantum computer can set up the state $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\left| \theta ^{*} \right\rangle } $$\end{document}$.

The prediction of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\left| {{\theta }^{*}} \right\rangle } $$\end{document}$ new state of the quantum computer are given in Procedure 2.

These results conclude the proof. $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\square $$\end{document}$

Performance evaluation {#Sec17}
======================

This section proposes a performance evaluation for the method validation and comparison. We study the precision of the objective function estimation, the estimation error, and the cost reduction in the objective function estimation process.

Objective function estimation {#Sec18}
-----------------------------
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The cost reduction is evaluated as follows. Let $\documentclass[12pt]{minimal}
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Conclusion {#Sec21}
==========

Gate-model quantum computers provide an implementable architecture for experimental quantum computations. Here we studied the problem of objective function estimation in gate-model quantum computers. The proposed framework utilizes the measurement results and increases the precision of objective function estimation and maximization via computational steps. The method reduces the costs connected to the physical layer such as quantum state preparation, quantum computation rounds, and measurement rounds. We defined an objective function extension procedure, a segmentation algorithm that utilizes the gate parameters of the unitaries of the quantum computer, and a machine-learning unit for the system state prediction. The results are particularly convenient for the performance optimization of experimental gate-model quantum computers and near-term quantum devices of the quantum Internet.
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